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'RSWLFDOVFDQQLQJ LVRQHRI WKHPRVWDSSOLFDEOH WHFKQRORJLHVXVHG LQ LQGXVWULHVIRUPHDVXULQJDQG LQVSHFWLRQ
>@+LJKUHVROXWLRQDQGDFFXUDF\PRELOLW\RIPHDVXULQJHTXLSPHQWIOH[LELOLW\DQGKLJKVSHHGRIWKHPHDVXUHPHQWV
DUH WKH PDLQ DGYDQWDJHV RI WKHVH NLQGV RI VFDQQHUV >@ +RZHYHU VRPH OLPLWDWLRQV VWLOO UHPDLQ $PELHQW
LOOXPLQDWLRQPD\ EH FDXVLQJ VRPH SUREOHPV ,W LV SRVVLEOH WR RYHUFRPH XQFRQWUROOHG HQYLURQPHQWDO LOOXPLQDWLRQ
XVLQJFRORUVWUXFWXUHGOLJKWWHFKQLTXHVDQGSURMHFWLQJGLIIHUHQWSDWWHUQRIFRORUVWULSHVZLWKVSHFLILHGFODVVLILFDWLRQ
>@
2QWKHRWKHUKDQGWKHUHVROXWLRQRIDVFDQQHULVOLPLWHGE\WKHUHVROXWLRQRIKDUGZDUHVXFKDVOHQVFDPHUDDQG
WKH PHPRU\ >@ 3L[HO VL]H RI WKH VHQVRU KDV D GLUHFW UHODWLRQ ZLWK WKH TXDQWL]DWLRQ DOJRULWKP VR LW DIIHFWV WKH
DFFXUDF\RIGHSWKUHFRQVWUXFWLRQ7KLVSL[HOVL]HKDVVRPHOLPLWDWLRQLQLWVVL]H$VSL[HOVL]HEHFRPHVVPDOOHUWKH
XQFHUWDLQW\FDQEHUHGXFHGEXWLWZLOODIIHFWWKHTXDOLW\RIWKHLPDJHDVLWUHGXFHVWKHVLJQDOWRQRLVH7KHHIIHFWRI
SL[HOVL]HZDVGLVFXVVHGLQ>@WRGHWHUPLQHWKHRSWLPDOSL[HOVL]HDFDPHUDVLPXODWRUDQGVRPHTXDOLW\PHWULFVIRU
WKH LPDJHZHUH XVHG ,WZDV VKRZQ WKDW WKH RSWLPDO VL]H LV UHODWHG WR WKH WHFKQRORJ\ IRU WKH VHQVRU7KLV FDQ EH
LQWHUSUHWHGDVDSL[HOVL]HUHVWULFWLRQIRUDVSHFLILFWHFKQRORJ\DQGKHQFHWKHSL[HOVL]HFDQQRWEHFRQVLGHUHGDIDFWRU
WREHFKDQJHG
7KH'7 LVRQHXVHIXO WHFKQLTXH LQ VLJQDO DQG LPDJHSURFHVVLQJ DSSOLFDWLRQV IRU H[DPSOHGLWKHULQJ LVXVHG WR
UHGXFHWKHQXPEHURIWKHFRORUVLQDUHIHUHQFHLPDJHDQGVWLOOPDLQWDLQDJRRGTXDOLW\7KLVUHGXFWLRQLVLPSRUWDQWLQ
OLPLWHGFDSDFLW\GLVSOD\GHYLFHVOLNHSULQWHUV>@7KHSULQFLSOHRIWKLVWHFKQLTXHLVDGGLQJDQH[WHUQDOQRLVHWRWKH
TXDQWL]DWLRQSURFHVVLQRUGHUWRUHGXFHWKHURXQGRIIHUURU
7KH'7FDQ LPSURYH WKHDFFXUDF\RI'VFDQQHUV WKURXJK VPDOOPRYHPHQWVRI HLWKHU WKH VHQVLQJDUUD\RU WKH
REMHFWDQGUHVFDQQLQJ0RYHPHQWVSURYLGHWKHVHQVLQJDUUD\ZLWKLPDJHVRIWKHREMHFWFDVWLQGLIIHUHQWSRVLWLRQVRQ
VHQVLQJDUUD\6HQVLQJDUUD\EHLQJDGLJLWDOGHYLFHZLOO VDPSOH WKH LPDJHHYHU\ WLPHZLWKGLIIHUHQWTXDQWL]DWLRQ
HUURUWKHDYHUDJHRIZKLFKVKRXOGQRUPDOO\DSSURDFK]HUR>@,WLVDOVRSRVVLEOHWRDSSO\GLWKHULQJE\VKLIWLQJWKH
OLJKWVRXUFHRI'RSWLFDOVFDQQHUVLQILQHVWHSVDWVXESL[HOVFDOH>@
,QWKLVSDSHUZHSURSRVHDPHWKRGWKDWLPSURYHVWKHDFFXUDF\RIODVHUWULDQJXODWLRQVFDQQHUV,QWKLVPHWKRGZH
LQWURGXFHWKHDSSOLFDWLRQRI'7LQ'ODVHUVFDQQHUE\VKLIWLQJWKHVHQVLQJDUUD\GXULQJFDSWXULQJWKHVFHQH
7ULDQJXODWLRQ'ODVHUVFDQQHU
7KH WULDQJXODWLRQ WHFKQLTXH LV XVHG LQ ' ODVHU VFDQQLQJ WR ILQG WKH GHSWK RI REMHFWV EHLQJ VFDQQHG 7KH
WULDQJXODWLRQODVHUVKLQHVDODVHURQWKHVXEMHFWDQGWKHLOOXPLQDWHGREMHFWLVYLHZHGE\DFDPHUD'HSHQGLQJRQWKH
VXUIDFHJHRPHWU\WKHODVHUVWULSVDSSHDUDWGLIIHUHQWSRVLWLRQVLQWKHFDPHUD
VILHOGRIYLHZ7KLVWHFKQLTXHLVFDOOHG
WULDQJXODWLRQEHFDXVHWKHODVHUVWULSRQWKHREMHFWVXUIDFHWKHFDPHUDDQGWKHODVHUOLJKWVRXUFHIRUPDWULDQJOH$Q
H[DPSOHRIWKHWULDQJXODWLRQV\VWHPFRQILJXUDWLRQLVVKRZHGLQ)LJ

)LJ7ULDQJXODWLRQWHFKQLTXH
7KHGLVWDQFHEHWZHHQ WKH FDPHUD DQG WKH UHIHUHQFH VXUIDFH; DQG WKH IRFDO OHQJWK¦ DUH FDOFXODWHGE\ FDPHUD
FDOLEUDWLRQ)RUWKLVVFDQQHUVHWXSWKHGHSWK+RIDQ\SRLQWIDOOHQLQWKHFRPPRQILHOGRIYLHZFDQEHIRXQGDV
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:KHUHWKHODVHUHPLWWHUIRUPVĮDQJOHZLWKWKH[D[LVDQGOLQH'LQWKHUHDOVSDFHLVSURMHFWHGWRWKHLPDJHSL[HO
DVG ,QPDQ\ FDVHV WKH FDPHUD FDQQRW FDSWXUH D FHUWDLQ YLHZ OLNH3 LQ )LJ D WKDW LV RXW RI WKH )R9RI WKH
FDPHUD7RGHDOZLWKWKLVSUREOHPWKHFDPHUDKDVWREHURWDWHGWRFDSWXUHWKHZDQWHGYLHZZKLFKLVVKRZQLQ)LJ
E7KLVURWDWLRQFDXVHVDGLVWRUWLRQRIWKHVKDSHVLQWKHFDSWXUHGLPDJHV,QVWHDGRIURWDWLQJWKHZKROHFDPHUDLWLV
SRVVLEOHWRFDSWXUHWKHGHVLUHGYLHZDYRLGLQJGLVWRUWLRQE\DSSO\LQJDVPDOOVKLIWEHWZHHQWKHFDPHUDOHQVDQGWKH
VHQVRU,Q)LJFWKHVHFRQGVFDQQHUVHWXSLVVKRZQ,QWKHVHILJXUHVWKHRSWLFDOD[LVLVDOLQHWKDWFRQQHFWVWKH
FHQWHU RI WKH OHQV DQG WKH LPDJH SODQH ZKLFK LV SHUSHQGLFXODU WR WKLV SODQH DQG WKH SULPDU\ D[LV LV D OLQH WKDW
FRQQHFWVWKHFHQWHURIWKHOHQVDQGWKHFHQWHURIWKHLPDJHSODQH
 
)LJ7ZRGLIIHUHQWVHWXSVWRFDSWXUHDQREMHFWWKDWLVRXWRI)29D7KHFRQYHQWLRQDOVHWXSWKDWFDQQRWFDSWXUHVSRLQW3E5RWDWLQJWKH
FDPHUDFVKLIWLQJWKHVHQVRU
7KHDQJOHRIODVHUZLWK]D[LVĮODQGWKHDQJOHEHWZHHQRSWLFDOD[LVDQGSULPDU\D[LVĮFNQRZQDVWKHFRQYHUJHQFH
DQJOHDUHDOVRVKRZQLQ)LJ,WLVSUHIHUUHGWRXVHWKHFDPHUDVHWXSLQ)LJFIRUWKH'UHFRQVWUXFWLRQLQVWHDGRI
WKHFRQYHQWLRQDOVHWXSV8VLQJWKLVVHWXSQRWRQO\HOLPLQDWHVGLVWRUWLRQHIIHFWVEXWDOVRFDPHUDVHWXSUHTXLUHVVLPSOHU
PDWKHPDWLFDO IRUPXODWLRQIRUGHSWKPHDVXUHPHQWV7KHPDWKHPDWLFDOPRGHORI WKLVVFDQQHUQDPHGGLWKHULQJ ODVHU
VFDQQHU'/6LVGHSLFWHGLQWKHIROORZLQJVHFWLRQ
0DWKHPDWLFDOPRGHORI'/6
7KHVHWXSRI'/6LVVKRZQLQ)LJ7KHEDVHOLQH%LVWKHKRUL]RQWDOGLVWDQFHRIWKHOHQVFHQWHUIURPWKHEHDPRI
ODVHUOLJKW7KHKRUL]RQWDOGLVWDQFHRIOHQVFHQWHUIURPLPDJHSODQHFHQWHUWKHVHQVRUVKLIWLVGHQRWHGDV6,QRXU
QRWDWLRQLIWKHPRYHPHQWRILPDJHSODQHFHQWHULVLQWKHULJKWGLUHFWLRQVRWKHVHQVRUVKLIWLVSRVLWLYHDQGQHJDWLYH
LQRSSRVLWHGLUHFWLRQ

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&RPSDULQJ WKH ULJKW VLGH RI HT  DQG  WKH VHQVRU VKLIWοܵ௡IRU PRYLQJ GLVSDULW\ VXUIDFHV WR QHZ SRVLWLRQV
EHWZHHQWZRFRQVHFXWLYHVXUIDFHVEHIRUHVHQVRUVKLIWFDQEHFDOFXODWHGXVLQJHT7KHUHIRUHLWLVREYLRXVWKDWWKH
GLVWDQFHEHWZHHQHDFKQHZTXDQWL]HGGHSWKܼ௡௡௘௪DQGWKHROGRQHܼ௡௢௟ௗLV
ܼ௡௡௘௪ െ ܼ௡௢௟ௗ ൌ
οܼ௡௢௟ௗ
ʹ  
8VLQJ WKH GLWKHULQJ DSSURDFK ZLWK WKH VHQVRU VKLIW DV GHVFULEHG DERYH WKH TXDQWL]DWLRQ HUURU XQFHUWDLQW\ RI
UHFRQVWUXFWLRQǻ=QFDQEHUHGXFHGE\KDOIDFFRUGLQJE\DYHUDJLQJWKHWZRH[WUDFWHGGHSWKVRQHQHIRUHPRYHPHQW
DQGWKHVHFRQGDIWHUPRYHPHQW
3K\VLFDOH[SHULPHQW
7KH VHWXS RI WKH SK\VLFDO H[SHULPHQW WR YDOLGDWH WKH LPSURYHPHQW RI GHSWK UHFRQVWUXFWLRQ XVLQJ GLWKHULQJ
DOJRULWKPLVVKRZQLQ)LJD

)LJD3K\VLFDOH[SHULPHQWVHWXSE&DPHUDSURWRW\SHF7KHVHFWLRQVRIZRUNSLFHXVHGWR'UHFRQVWUXFWLRQ
7RDSSO\WKHGLWKHULQJDOJRULWKPWRODVHUVFDQQLQJWKHUHVKRXOGEHDFDPHUDFDSDEOHRIDFFXUDWHPRYLQJRIVHQVRU
UHODWLYHWRWKHOHQV,QILJEWKHFDPHUDSURWRW\SHLVVKRZQLQZKLFKWKHFDPHUDERG\FRQWDLQLQJWKH&&'VHQVRU
LVVHSDUDWHGIURPWKHOHQV>@$KROGHULVXVHGWRIL[WKHOHQVFORVHWRWKHFDPHUDDQGWKHVHQVRULVDWWDFKHGWRD
OLQHDUVWDJHZLWKD'&PRWRUIRUVDWLVI\LQJWKHPLFURPRYHPHQWRIWKHVHQVRUUHODWHGWRWKHOHQV7KHOLQHDUVWDJH3,
0 WUDYHOV D GLVWDQFH XS WR PPZLWK D UHVROXWLRQ RI  ȝP >@ 7KH FDPHUD PRGXOH XVHG LQ WKLV
SURWRW\SH LV D 6RQ\;&3 FDPHUD WKDW LV D FRORU YLGHR FDPHUDZLWK DQ LPDJH UHVROXWLRQ RI +î9
SL[HOVDQGWKHSL[HOVL]HRIȝP>@7KHOHQVPRGHOLV7DPURQ)063ZLWKDIRFDOOHQJWKRIPPWKDWLV
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